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ABSTRACT 





In this study, the GaN films have been prepared by a green and low-cost plasma enhanced chemical vapor 
deposition (PECVD)method on Al,03 substrate, along with Ga2O3 and N2 as gallium source and nitrogen sources, 
respectively. The results show that the oxygen content in the GaN films is significantly influenced by the reaction 
temperature and Np2 flow rate. The uniform and high crystallinity GaN films were obtained at 950 °C with N> 
flow rate 150 sccm, which was also proved by high- resolution transmission electron microscopy (HRTEM) 
analysis. It is found that the high energy nitrogen plasma and additive graphite play vital role in the growth of 
the high-quality GaN films; and the graphite, used as reductive agent, avoided the unfavorable effect caused by 
the hydrogen radicals, thus, contributing to the GaN nucleation. Moreover, the photoresponsivity of the GaN film 
was observed to be 0.0125 A/W by 365 nm laser. Therefore, the GaN nanofilms prepared by the proposed green 
and low-cost PECVD method present a strong potential of application in photoelectric devices, such as ultraviolet 


photodetector, light emitting diodes and epitaxial substrate for the photoelectric materials. 





1. Introduction 


Gallium nitride (GaN), a direct wide band gap (3.4 eV) semi- 
conductor, is one of the most important semiconductor materials with a 
wide range of applications in ultraviolet(UV) photodetectors, light 
emitting diodes, high-speed field-effect transistors and lasers [1-4]. 
Moreover, GaN can be employed in optoelectronic high-power/high- 
temperature devices due to reliability and chemical stability [5]. Thus, 
in recent years, GaN films have attracted a significant research interest 
for applications in electronic and optoelectronics fields. 

AlO, is a useful substrate material for epitaxial growth of GaN films 
due to its low-cost, abundant availability, good crystalline quality and 
lattice match (mismatch ~16 %) [6]. In this respect, Al,O3 has been 
widely used as the substrate material for epitaxial GaN films by em- 
ploying different synthesis methods [7-13]. For instance, Pant et al. [9] 
reported the preparation of non-polar GaN films via molecular beam 
epitaxy (MBE) using AlO; as substrate. In another study, Yuan et al. 
[11] obtained GaN films with high crystalline quality by metal-organic 
chemical vapor deposition (MOCVD). However, the equipments used in 
these studies are complex and expensive, which limits their widespread 
use. 

To overcome these challenges, extensive research efforts have been 
made to obtain low-cost GaN films with high quality. For instance, Yang 
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et al. [14] reported that GaN films grown on Al,O3 substrate by simple 
chemical vapor deposition (CVD) using metal gallium and NH3 as gal- 
lium source and nitrogen sources, respectively. Topf et al. [15] reported 
GaN films grown on AlO} substrate using GaCl and NH3 as gallium 
and nitrogen sources, respectively. In a similar study, Nagata et al. [16] 
reported high quality GaN films prepared by plasma assisted chemical 
vapor deposition using trimethyl gallium and N, as gallium and ni- 
trogen sources. However, the gas sources used in these methods are 
toxic or corrosive, and the produced GaN films exhibit high defect 
density, thus, indicating challenges for commercial application. 

In this study, high quality GaN nanofilms have been prepared by 
plasma enhanced chemical vapor deposition (PECVD) using non-toxic 
raw materials. Specifically, GazO03 has been used as gallium source, 
whereas Nz is employed as nitrogen source. Moreover, the synthesis 
conditions such as Nə flow rate, reaction temperature and time have 
been systematically investigated for analyzing the effect on thickness 
and evolution of GaN films. Meanwhile, the growth mechanism of GaN 
films has also been discussed in detail. The proposed green and low-cost 
method will lead to potential applications in large-scale GaN photo- 
electric devices such as ultraviolet photodetector as well as epitaxial 
substrates for photoelectric materials. 
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Table 1 
Growth parameters of all samples 
sample Temperature (°C) No flow Reaction 
rate time (h) 
(sccm) 
Reaction temperature 1 850 150 2 
as variable 2 875 150 2 
3 900 150 2 
4 950 150 2 
Reaction atmosphereas 5 900 50 2 
variable 6 900 75 2 
7 900 100 2 
8 900 200 2 
Reaction time as 9 950 150 0.5 
variable 10 950 150 1 
11 950 150 1.5 
12 950 150 2.5 
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Fig. 1. Schematic diagram of MSM ultraviolet detector 
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Fig. 2. X-ray diffraction patterns of the products fabricated for different reac- 
tion temperatures (reaction time 2 h, Nə flow rate 150 sccm) 


2. Experiment 


The GaN films had been prepared on AlO; substrate by PECVD in a 
tube furnace using a powder mixture with 1:12 molar ratios of Ga203 
(Alfa, purity 99.999 %) and graphite (purity 99.9 %) as a source ma- 
terial. A sapphire substrate was placed on the top of the source. The 
furnace was heated at a rate of 20 °C/min under 50 sccm Ar gas (purity 
99.999 %). Afterward, Nə gas (purity 99.999 %) was introduced in the 
chamber for the growth of GaN film at growth temperature ranging 
from 850 to 950 °C. The growth was carried out in a nitrogen plasma 
atmosphere with a Nz flow rate of 50-200 sccm supplied using a radio 
frequency (RF) generator working at 100 W for 0.5-2.5 h. After the 
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growth procedure, RF generator was shut off and the sample cooled 
down to room temperature in pure Ar gas. Finally, a pale-yellow pro- 
duct was found on the substrate. This green, simple, low-cost method to 
prepare GaN nanofilms on Al203 substrate was reported. Growth 
parameters are displayed in Table 1. GaN film (reaction temperature at 
950 °C for 2 h, No flow rate 150 sccm) is used as metal-semiconductor- 
metal (MSM) ultraviolet detector. Au electrodes were deposited in GaN 
film by sputtering technique. The Au electrode layer is about 75 nm. 
The length, width and spacing of the interdigital electrode are 600 um, 
150 um and 200 um, respectively. The ultraviolet light source is a 
monochromatic light with the wavelength of 365 nm and the power 
density of 0.5 mW/cm?’. The schematic diagram of MSM ultraviolet 
detector is showed in Fig. 1. 

A Rigaku Smart lab SE X-ray diffractometer with a Cu Ka, radiation 
in the Bragg Brentano configuration (A= 0.154178 nm) was used for 
the Phase identification. The operating voltage is 40 kV. The 
morphologies of cross-section were observed by field emission scanning 
electron microscopy (FESEM; Hitachi S4800, 15kV acceleration vol- 
tage). The microstructures of film were analyzed by high resolution 
transmission electron microscopy (HRTEM; Tecnai G20 F20 U-TMIN, 
200kV acceleration voltage). HRTEM samples were prepared by fo- 
cused ion beam (FIB; JEOL JIB-4700F, 20kV acceleration voltage). The 
morphologies of surface were characterized using atomic force micro- 
scopy (AFM, NT-MDT Solver P47) in no-contact mode with 0.5Hz scan 
rate. The Raman spectra of the samples was investigated by Raman 
spectroscopy (Raman, Renishaw) with 532 nm laser as an excitation 
source. The time dependent photoresponsivity of GaN nanofilm detec- 
tors was measured by a SourceMeter (KEITHLEY, 2636B system). 


3. Results and discussion 
3.1. Effect of reaction temperature 


Fig. 2 shows the X-ray diffraction patterns of the products fabricated 
for different reaction temperatures (reaction time 2 h, Nz» flow rate 150 
sccm). As shown in Fig. 2, for the reaction temperature of 850 °C, the 
diffraction peaks at (100), (110), (112) and (201) are identified as the 
wurtzite-type hexagonal GaN (JCPDS Card No. 50-0792), whereas the 
diffraction peaks at (-201) and (-401) are identified as the monoclinic f- 
Ga203 (JCPDS Card No. 41-1103). As the reaction temperature is in- 
creased from 875 °C to 950 °C, the products exhibit the diffraction peaks 
at (100), (110), (112) and (201) are identified as the wurtzite-type 
hexagonal GaN. In the dashed box in Fig. 2, the corresponding dif- 
fraction angles for the peaks are 35.72 °, 36.15 °, 36.66 °and 36.81 °, 
respectively. For the reaction temperature of 950 °C, the diffraction 
peak in the dashed box is observed to be in accordance with (101) plane 
of the wurtzite-type hexagonal GaN. However, the diffraction angles in 
the dashed box decreased gradually with increasing the reaction tem- 
perature, which can be associated with different oxygen content in 
these GaN samples [17]. For the reaction temperature of 850 °C, the 
oxygen content of the sample is relatively high, and the diffraction 
peaks of the monoclinic -Ga203 can be obviously observed in Fig.2. 
This indicates that the oxygen content in the obtained GaN products can 
be reduced by enhancing reaction temperature. 

Fig. 3 shows that the cross-sectional SEM images of the GaN pro- 
ducts fabricated using different reaction temperatures (reaction time 2 
h, No flow rate 150 sccm). Uniform GaN films were obtained at different 
temperatures, as observed in Fig. 3. The films exhibited effective 
bonding with Al,O3 substrate. As the reaction temperature is increased 
from 850 °C to 950 °C (Fig. 3a-d), the thickness of the prepared GaN 
films was observed to 1.19, 1.40, 1.78 and 0.48 um, respectively. For 
the reaction temperature exceeding 900 °C, the thickness of the ob- 
tained GaN films apparently decreased, as GaN decomposes at 1150 K 
under ambient conditions [18]. The GaN film obtained at 950 °C ex- 
hibited the minimum thickness among the films developed using re- 
action temperatures from 850 °C to 950 °C due to the rapid thermal 
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Fig. 3. Cross-sectional SEM images of the GaN products fabricated at different reaction temperatures (reaction time 2 h, Nz flow rate 150 sccm): (a) at 850 °C, (b) at 
875 °C, (c) at 900 °C, and (d) at 950 °C; (e) relationship between the growth rate of GaN films and reaction temperature. 


decomposition. 

The structure as well as optical and electrical properties of GaN film 
are influenced by the film thickness and mode of growth [19-21] which 
can be tailored by growth rate of GaN film. The relationship between 
the growth rate of GaN films and reaction temperature is presented in 
Fig. 3e. As the reaction temperature increases from 850 °C to 900 °C, the 
growth rate of GaN films increases. As the reaction temperature exceeds 
900 °C, the growth rate of GaN films is subsequently reduced (Fig. 3e). 
At 950 °C, The growth rate of GaN film is observed to be 0.24 um/h. 

Fig. 4 shows the Raman spectra of the GaN film fabricated at 950 °C 
(reaction temperature 2 h, No flow rate 150 sccm). The prominent 
Raman scattering phonon mode E,(high), was observed in the GaN 
sample, which corresponded to the transverse vibration mode of ni- 
trogen atom in wurtzite GaN [22,23]. Apart from the E2(high) peak, the 
related Raman spectral peaks of sapphire substrate were also observed 
at 412, 426, 445, 577, and 748 cm’ _*. GaN E,(high) phonon mode is 
attributed to the nature of the biaxial stress: blue shift of E2(high) 


corresponds to the compressive stress whereas red shift discloses the 
presence of tensile stress in GaN [24]. The E2(high) phonon peak was 
observed at 571.8 cm™' for the obtained GaN sample, which indicates 
the blue shift as compared to stress free GaN (567.6 cm‘). The stress 
present in the obtained GaN sample is calculated using the following 
equation [25]: 


w — Wo 


T= 3 (1) 


where o, œ and œwọ are the biaxial stress, E2(high) phonon peaks of the 
obtained GaN films and E2(high) phonon peak of stress free GaN (567.6 
cm‘), respectively. Hence, the calculated compressive stress of the 
GaN sample is observed to be 0.98 GPa in accordance with the GaN 
films grown on sapphire substrate by MOCVD or MBE [26,27]. 

Fig. 5 demonstrates the AFM image of GaN film fabricated for N2 
flow rate 150 sccm at 950 °C (reaction time 2 h). The surface of GaN 
films consisted of numerous nanoislands (Fig. 5), which indicated that 
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Fig. 4. Raman spectra of GaN film fabricated at 950 °C (at 2h, Nz flow rate 150 
sccm) 
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Fig. 5. AFM image of GaN film fabricated for Nə flow rate 150 sccm at 950 °C 
(reaction time 2 h). 
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Fig. 6. X-ray diffraction patterns of the products fabricated for different Nz flow 
rates (at 900 °C, reaction time 2 h) 
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the growth mechanism of the GaN films is three-dimensional islands 
growth mode [26]. In addition, the surface of the GaN films was noted 
to be flat, with no observed pints (Fig. 5). the roughness Ra of the 
obtained GaN film was measured to be 7.13 nm. 


3.2. Effect of reaction atmosphere 


Fig. 6 presents the X-ray diffraction patterns of the products fabri- 
cated for different Nz flow rates (at 900 °C, reaction time 2 h). Ac- 
cording to the standard PDF card, the diffraction peaks at (100), (110), 
(112) and (201) are identified as the wurtzite-type hexagonal GaN 
(JCPDS Card No. 50-0792) reflected in Fig. 6a. In the dashed box in 
Fig. 6a, the corresponding diffraction angle for the obtained products 
are observed at 36.28 °, 36.37 °,36.69 °,36.66 °and 36.37 °, respectively. 
Hexagonal GaN (101) plane corresponds to peak angle 36.85 °, and f- 
Ga O03 (111) plane is observed at 35.18 °. Thus, the diffraction peaks of 
the obtained samples in the dashed box lied between 35.18 ° and 36.85 
*, Compared with the hexagonal GaN (101) plane, the diffraction peaks 
of the obtained GaN samples in the dashed box exhibit angular devia- 
tion, which may result from the presence of oxygen in the obtained GaN 
samples [17]. The angular deviation of the obtained GaN samples was 
observed to decrease and subsequently increase with increasing the No 
flow rate. The observed phenomenon indicates that the oxygen content 
in the obtained GaN samples decreased and subsequently increased 
with an increase the Nz flow rate. As Nz flow rate increased from 50 to 
150 sccm, the concentration of the N plasma also increased. It may 
indicate that the high N plasma concentration hindered the reaction of 
Ga with oxygen. For the Nz flow rate of 200 sccm, the high gas flow rate 
resulted in a barrier to the reaction of Ga with N plasma [11], thus, 
contributing to the increase in the oxygen content. 

Fig. 7 displays the cross-sectional SEM images of the GaN products 
fabricated for different Nz flow rates (at 900 °C, reaction time 2 h). 
Uniform GaN films could be observed in Fig. 7, with effective bonding 
between the film and AlO, substrate. As the Nə flow rate increased 
from 50 to 200 sccm (Fig. 7a-e), the corresponding thickness of the 
obtained GaN films are 0.82 um, 1.16 um, 1.20 um, 1.78 um, and 1.58 
um. Thus, the thickness of the obtained GaN films increases and sub- 
sequently decreases with increasing the Nz flow rate. For the Nz flow 
rate of 150 sccm, the thickness of the obtained GaN film was observed 
to be the maximum with growth rate of 0.89 um/h. However, for the No 
flow rate of 200 sccm, the thickness of the obtained GaN film decreases 
due to high N/Ga ratio. Fig. 7f displays the relationship between the 
growth rate of GaN films and Nz flow rate. With an increase in the No 
flow rate, the growth rate of GaN films increases and subsequently 
decreases. 

Fig. 8 shows AFM images of the GaN films fabricated for different N2 
flow rates (at 900 °C, reaction time 2 h), revealing the flat surface of the 
GaN films. The roughness Ra of the obtained GaN films (for Nz flow 
rates from 50 to 200 sccm) were measured to be 9.45 nm, 7.35 nm, 10.7 
nm and 6.81 nm, respectively. As seen in Fig. 8, the surface of the GaN 
films consisted of numerous nanoislands, which indicated that the 
three-dimensional island growth mode was the growth mechanism for 
the GaN films [26]. In addition, no cracks and pins were observed in 
Fig. 8, thus, suggesting that high quality GaN films could be obtained 
[28]. 


3.3. Effect of reaction time 


Fig. 9 shows the X-ray diffraction patterns of the products fabricated 
for different reaction time (at 950 °C, Nz flow rate 150 sccm). According 
to the standard PDF card, the diffraction peaks at (100), (110), (112) 
and (201) indicate the wurtzite-type hexagonal GaN (JCPDS Card No. 
50-0792). For the reaction time of 0.5-1.5 h, the diffraction peak of the 
hexagonal GaN (002) plane could be observed for all GaN samples, and 
the intensity of (002) plane diffraction peak gradually decreased with 
increasing the reaction time. For reaction time exceeding 2 h, the 
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Fig. 7. Cross-sectional SEM images of the GaN products fabricated for different Nz flow rates (at 900 °C, reaction time 2 h): (a) 50 sccm, (b) 75 sccm, (c) 100 sccm, (d) 
150 sccm, (e) 200 sccm; (f) relationship between the growth rate of GaN films and N, flow rate. 


fabricated for different reaction time (at 950 °C, N» flow rate 150 sccm). 
As seen in Fig. 10, uniform GaN films were obtained at different reac- 
tion time. As the reaction time increased from 0.5 to 2.5 h (Fig. 10a-e), 
the thickness of the obtained GaN films are 0.07 um, 0.24 um, 0.29 um, 


diffraction peak of the hexagonal GaN (002) plane was absent in the 
diffractograms of the GaN samples. The observed phenomenon revealed 
the preferential growth of the materials. 

Fig. 10 displays the cross-sectional SEM images of the GaN products 
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Fig. 8. AFM images of the GaN films fabricated for different N2 flow rates (at 900 °C, reaction time 2 h): (a) 2D image for 50 sccm, (b) 2D image for 100 sccm, (c) 2D 


image for 150 sccm, and (d) 2D image for 200 sccm. 
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Fig. 9. X-ray diffraction patterns of the products fabricated for different reac- 
tion time (at 950 °C, Nz flow rate 150 sccm). 
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0.48 um, and 0.51 um. Thus, the thickness of the obtained GaN films 
increases with an increase in the reaction time. However, the growth 
rate of the GaN film is non-uniform. The growth rate of GaN film for the 
reaction duration of 0.5 h was observed to be slow (Fig. 10a). The 
observed phenomenon might have resulted from the nucleation process 
of GaN film. For reaction time exceeding 0.5 h, the growth rate of GaN 
film increases. Furthermore, the surface of GaN film was rough for the 


reaction duration of 1 h. With further enhancing the reaction duration, 
the surface of GaN films became flat and the growth rate is uniform. As 
seen from Fig. 10b-d, the growth rate of GaN film is about 0.2 um/h. 
The result indicates that the thickness of GaN films can be tailored 
through the reaction time. 

Fig.11a displays that cross-sectional TEM image of GaN film fabri- 
cated at 950 °C for 2 h (N2 flow rate 150 sccm). The corresponding 
HRTEM and diffraction pattern images for GaN film at area B are shown 
in Fig.11b. The HRTEM and diffraction pattern images reveals poly- 
crystallinity with hexagonal wurtzite structure in synthesized GaN film. 
The adjacent spacing of the lattice fringes in the HRTEM image was 
measured to be 0.28 nm, which corresponds to the (100) plane of the 
wurtzite GaN [29]. Fig. 11c shows the HRTEM image of the interface 
between the GaN film and AlO, substrate. The spacing of the lattice 
fringes in the HRTEM image is 0.35 nm, corresponding to the (012) 
plane of the hexagonal Al2O3 substrate [30]. The interface exhibits 
obvious atomic misarrangement, which is contributed to improving 
crystal quality of GaN film. The interface layer of atomic misarrange- 
ment increases the robustness of GaN films [31]. 


3.4. Growth mechanism 


In this study, Nz was ionized by coupled with the RF in the synthesis 
process. For the synthesis of crystalline GaN, carbothermal reduction of 
Ga2O3 by graphite occurs first with formation of gaseous Ga2O and Ga 
[32-34]; Then, the reaction of gaseous Ga with ionized nitrogen plasma 
result in the formation of GaN [35]. Therefore, the reactions can be 
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Fig. 10. Cross-sectional SEM images of the GaN products fabricated for different reaction time (at 950 °C, Nz flow rate 150 sccm): (a) 0.5 h, (b) 1h, (c) 1.5 h, (d) 2h, 


and (e) 2.5 h. 


expressed as: 


No(g) > N¥(g) (2) 
Ga,O3(s) + C(s) ~ Ga,O(g) + CO(g) (3) 
Ga,O(g) + C(s) > Ga(g) + CO(g) (4) 
Ga(g) + N*(g) > GaN(s) (5) 


For the formation of high quality GaN films by PECVD method, the 
ionized nitrogen plasma and graphite reductive agent are the vital 
component. Firstly, NH3 is used as nitrogen source in the CVD method, 
and the hydrogen radicals present in the reaction atmosphere get 
bonded to part of nitrogen to prevent the reaction with gaseous Ga or 
etching of GaN [36,37]. Thus, it is challenging to obtain uniform and 
high quality GaN films in the conventional CVD method. The same 
phenomenon was also observed in current study. With Nz and H2 mixed 
gases used as reaction source, no products were obtained on the sub- 
strate. Nz gas is used as N source in the current study instead of NH3, 
thus, no hydrogen radicals are presented in the reaction atmosphere to 
etch GaN and restrict the deposition of GaN films. Meanwhile, the io- 
nized nitrogen plasma formed by radio frequency exhibited high energy 
and numerous dangling bonds which enhanced the uniform adsorption 
at Al,O3 substrate and contributed to the reaction with gaseous Ga. 
Secondly, the reaction of graphite with Ga,O3 can form uniform 


gaseous Ga, which provided optimal reaction atmosphere for the de- 
position of GaN. Compared to trimethyl gallium, the proposed method 
in this study can avoid the unfavorable effect of the hydrogen radicals 
formed by the decomposition of trimethyl gallium. Therefore, graphite, 
as reductive agent, contributed to the nucleation of GaN and restricted 
the formation of defects. 

The reaction temperature is a key factor affecting the oxygen con- 
tent of the GaN films. Generally, the reaction 4 occur at high tem- 
perature which provided enough energy for the reaction of Ga2O with 
graphite to form gaseous Ga. For the reaction temperature below 900 
°C, the formation of GaN occurred by the reaction of Ga2O and Ga with 
ionized nitrogen plasma. Thus, the obtained GaN films contain oxygen, 
as observed form Figs. 2 and 6. With an increase in the reaction tem- 
perature, the content of oxygen in the GaN films decrease due to a re- 
duction in Ga2O/Ga ratio in the reaction atmosphere. No oxygen is 
observed in the high quality GaN film which obtained at 950 °C (Fig. 2). 

Moreover, the thickness and growth rate of the GaN films are in- 
fluenced by the reaction atmosphere and temperature (Figs. 3 and 7). 
The concentration of the nitrogen plasma increases with increasing No 
flow rate, which contributes to the growth of GaN films. However, the 
growth of the GaN films is restricted by high N/Ga ratio which caused 
by superfluous No gas flow [38]. Although high temperature provides 
high energy to promote the synthesis and deposition of GaN, it results in 
the thermal decomposition of GaN. For the reaction temperature of 950 
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Fig. 11. (a) Cross-sectional TEM image of products fabricated at 950 °C for 2 h (N2 flow rate 150 sccm). (b) and (c) are HRTEM images at area B and C of Fig. 11 (a), 


respectively. 


°C, the thickness and growth rate of GaN films decrease due to the rapid 
thermal decomposition of GaN exceeding the deposition rate. 


3.5. Photoelectric properties 


The electrical transport properties of the GaN MSM photodetector 
were characterized by measuring I-V curve under dark at room tem- 
perature as shown in Fig. 12a. the non-linear I-V curve was observed for 
the GaN detector, which demonstrates that Au electrodes formed 
Schottky-type contact with GaN. The dark current resulted due to the 
defects in GaN [39,40]. The dark current value of the GaN detector is 
noted to be in microampere scale, which indicates that GaN film has a 
relatively low density of defect. Further, Fig. 12b shows the time de- 
pendent UV-light photo responsivity at 5 V bias voltage for the GaN 
MSM photodetectors fabricated using GaN film (reaction temperature at 
950 °C for 2 h, Nə flow rate 150 sccm). The rise in photocurrent after 
turning-on the UV light and decay in current after turning-off the light 
was observed for several cycles, which demonstrates that the photo- 
response of GaN detector is stable and repeatable. When the UV light is 
turned off, the current drops very slowly. Because the deep levels re- 
present the carrier recombination center. The slow current drop ob- 
served in Fig. 12b may be caused by the detrapping process of the 
carriers at deep levels in the wide band gap of materials [41,42]. The 
calculated photoresponsivity of MSM-GaN detector is 0.0125 A/W 
under 365 nm UV-light. Other nitride semiconductor ultraviolet pho- 
todetectors are also summarized in Table 2. 


4. Conclusions 


In summary, we have prepared GaN films by green and low-cost 
PECVD method using non-toxic raw materials. The ionized nitrogen 
plasma and graphite reductive agent paly vital role for the development 
of the high-quality GaN films. The ionized nitrogen plasma formed by 
radio frequency exhibit high energy and numerous dangling bonds 
which are contributed to enhanced uniform deposition at Al2O3 sub- 
strate. The reaction of graphite with Ga203 can form uniform gaseous 
Ga, which provided uniform reaction atmosphere for the deposition of 
GaN. Graphite, as reductive agent, which can avoid the hydrogen ra- 
dicals to etch GaN and restrict the growth of GaN. The AFM indicate 
that the surface of GaN film are flat and the roughness of GaN films 
varying from 7 nm to 10 nm. No pit can be observed on the GaN films. 
When reaction temperature is at 950 °C and Nz flow rate is 150 sccm, 
the thickness of GaN film is 0.48 um, along with high crystallinity and 
compressive stress 0.98 GPa. In addition, a non-linear I-V curve and 
photoresponsivity were also observed for the prepared GaN nanofilms. 
The proposed method presents a green and low-cost technical route for 
preparing high-quality nanofilms with potential applications in photo- 
electric devices. 
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Fig. 12. (a) Typical I-V curve of the GaN MSM device measured under dark at 
room temperature and (b) time dependent UV-light photo responsivity at 5 V 
bias voltage for the GaN MSM photodetectors fabricated using GaN film (re- 
action temperature at 950 °C for 2 h, Nə flow rate 150 sccm). 


Table 2 


Parameters of nitride semiconductor ultraviolet photodetectors 


Photodetector UV light (nm) 


Al,Ga;_,N 250 — 276 
GaN 365 
AIN 208 
BN 212 
BN 212 
GaN 365 


-5~5 V scanning voltage 


2 A 
Bias voltage (V) 


off 


40 


0 1 


365 nm UV-light 
5 V bias 





60 


Time (s) 


Bias 
voltage (V) 


3 
5 
50 
20 
25 
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